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Beam with Cold-Formed Steel Section
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Abstract

In this study, experimental tests were conducted to investigate the
ductility and strength capacity of new shear connector. Push test specimens were
prepared and tested according to EN1994-1-1 standard. The push test specimen
consists of two cold-formed steel lipped channel sections oriented back-to-back
to form an I-section beam, transverse metal deck and normal concrete slabs
grade C25/30. Angle brackets were obtained from the same section of the beam
and fastened to the web of steel beam to provide the shear connection. Two
shear connectors were tested namely; “SC1” and “SC2” shear connectors. Both
shear connectors showed a ductile behavior and had satisfied the ductility
requirements of EN1994-1-1 standard. It was concluded that the ductile
behavior of shear connectors could enhance the design of composite beam.
Keywords: cold formed steel; shear connector; ductility; strength resistance;
composite beam; push test
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1.

Introduction

Cold formed steel sections are one of the most efficient and economic structural
members (Bryan, E. R., 1980). Recently, builders, contractors and companies
have realized the efficiency (Allen, D., 2006) of using cold formed steel
sections as primary framing system in low-rise and mid-rise construction and the
secondary framing system in high-rise or long-span construction (Ziemian, R.
D., 2010). Lightness, high strength and stiffness, ease of pre- fabrication and
mass production, fast and easy erection and installation (Yu, 2000) as well as
the efficiency in cost, material and energy savings are some advantages of cold
formed steel sections. However, the use of these members in composite concrete
beams has been very limited (Nguyen, 1991), this may be due to the absence or
lack of detail on the standard specifications of design process of such members
as composite beam.

The use of cold formed steel sections with concrete to form composite beams
can be a new alternative solution to replace hot rolled steel and reinforced
concrete beams in small and medium sized buildings (Hossain, 2005). Also, a
significant reduction in the cost of light-gauge construction which do not utilize
in-line framing could be obtained by forming composite action between the
concrete slab and track cold formed steel beams instead of using heavy hot
rolled steel angles and hollow section steel tubes which are usually welded to
the top of cold formed steel load bearing walls to function as load distribution
members (Wehbe, et al., 2011).
Only a few researchers (Hanaor, 2000; Lakkavali and Yu, 2006; Irwan, 2009;
Wehbe, 2011) have investigated the feasibility of designing cold formed steel
section and concrete slab as composite beam. They concluded that cold formed
steel section and concrete slabs could act compositely. It was found that the
degree of shear connection depends on some parameters such as the type, shape,
spacing and configuration of shear connector, thickness of cold formed steel
section and the concrete strength.
In this paper, the results of push test specimens with the proposed shear
connectors for cold formed steel beam are presented. The shear connectors are
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cold formed steel with small lengths (100 mm) cut from the same cold formed
steel beam section and formed an angle bracket shape as shown in Figure 1, in
order to fasten its web to the web of cold formed steel beam with two bolts. The
arrangements of shear connectors in push test specimens before installation of
the metal deck are presented in Figure 2. In the first configuration “SC1”, one
bracket is fasten to the web of steel beam in alternate while in the second
configuration “SC2”two bracket where oriented back to back and then fastened
to the web of steel beam. The shear connectors are easy to form and give
advantages to speed up the fabrication process of the proposed composite beam.

Figure 1: Shape of shear connector.
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SC1

SC 2

Figure 2: Arrangement of shear connector in push test specimens
The push test specimens were fabricated in accordance with Eurocode 4
(EN1994-1-1, 2004). Two cold-formed lipped channel steel sections of 1.9 mm
thickness were oriented back-to-back to form I-section steel beam. The shear
connectors were inserted between the webs of the two cold-formed steel beam
channels and fastened with two bolts of M16 grade 8.8. Two concrete slabs with
880 mm length and 650 mm width were used with perpendicular metal deck.
The metal deck was cut to two parts in order to accommodate the shape and
configuration of the shear connector and fixed to the top flange of steel beam
with minimum number of tek screws.

2.

Proposed design equation
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With assumption that the bolts fastened the shear connectors provide a very
strong connection and the shear connector mainly resists the longitudinal shear
forces by the concrete bearing, the shear connector could be assumed to act as
the perfobond rib shear connector. The appropriate resisting term in Oguejiofor
and Hosain’s equation (1997) for perfobond rib shear connector in solid slab
was used (equation 1) to predict the shear strength capacity of “SC1” shear
connector disregarding the reduction in strength capacity that could be made by
using the metal deck. The strength capacity of “SC2” shear connector is
considered double of “SC1” shear connector

(1)
where:
qu : strength capacity of shear connector
l
: perimeter length of shear connector
tsc : thickness of shear connector
fck : cylinder compressive strength
3.

Experimental program

Two homogenous specimens were used to investigate “SC1” and “SC2” shear
connectors. All specimens were cast with concrete designed to 25 MPa cylinder
compressive strength at 28-day. Two 150 mm cubes were used to determine the
compressive strength at 28 days and test dates. The concrete slabs of the push
test specimens were cast horizontally as recommended in the standard (EN19941-1, 2004). Hence, the first concrete slab namely, “A” was cast a day earlier than
the second concrete slab namely, “B”. Only one layer of fabricated
reinforcement mesh with 6 mm diameter and spacing of 250 mm in both
directions was used with nominal concrete cover of 20 mm in order to prevent
the concrete surface cracks. The push test specimens were prepared in such
manner where a recess of 80 mm between the bottom of the concrete slab and
lower end of the cold-formed steel I-section is provided to allow for slip during
testing. The test specimen with its dimensions and details is presented in Figure
3
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Figure 3: Push test configuration
The experimental test rig is presented in Figure 4. DARTEC jack machine with
maximum capacity of 1000 KN was used to apply the load to the specimen. The
push test specimen was arranged where normal forces of approximately 10% of
vertical applied load are maintained to both concrete slabs using yoke assembly
controlled by hand hydraulic pump. This arrangement was done in order to
prevent premature failure (Easterling, et al., 1993; Hicks, 2007).
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The push test specimens were instrumented by load cells, so that the applied
load on the specimen and normal forces on the concrete slabs were recorded.
Two LVDT transducers were used to measure the vertical displacement between
steel beam and the concrete slabs where each LVDT was placed at one half of
the steel beam web, the average of these two readings was used for the analysis
of result. All LVDT transducers and load cells were connected to data logger to
record the experimental data.
The load was applied in an increment of 5 KN up to 40% of the expected failure
load. Then, the specimen was cycled 25 times (loading/unloading) between 5%
to 40% of the expected failure load (EN1994-1-1, 2004). After the specimen was
settled, all readings were initiated to zero and the load was applied under slip
control mode with constant load rate of 0.0085 mm/s. The test was stopped
when the specimen failed to resist additional load and a drop of at least 20%
from the maximum load occurred.

A

Figure 4: Push test arrangement

B
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4.

Results and discussion

Typical load-deflection curves are presented in Figure 5(a and b). All results are
summarized in Table 1. The ultimate load per shear connector was determined
assuming that the applied load is distributed equally between the shear
connectors in the specimen. The results were normalized to the cylinder
compressive strength of 25 MPa (which corresponds to the design cube
compressive strength for this study) using equation 2:

(2)
The cube compressive strength of concrete was converted to the correspond
cylinder compressive strength using equation 3 which is based on the data of
Table 3.1 EN1992-1-1 (Simth and Couchman, 2010)

(3)

a)

SC1-2
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b) SC2-1
Figure 5: Load-slip curve for push specimens
Table 1: Results of push test specimens
fck
fck tset
Specimen
No.
qu pre
28days

Configuration
1
Configuration
2

1
2
1
2

date

29.60
28.10

33.06

qu exp.

qu nor.

qu nor./
qu pre

δuk

43.03

39.54

1.19

14.79

29.60

33.06

38.35

35.24

1.06

36.94

29.30

66.12

52.15

48.17

0.72

26.55

28.70

66.12

50.93

43.82

0.66

15.50

The failure mechanism observed in all test specimens could be attributed to the
concrete crushing where transverse and longitudinal cracks are presented on the
concrete slabs of specimens as shown in Figure 6. It was observed that the
specimens exhibited elastic deformation with small slip between concrete slab
and steel beam. At certain level of applied load, initial rotation slippage for the
shear connector was developed, resulting in the first crack underneath the top
level shear connector rib. The reason of this rotation could be attributed to the
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difference between the diameter of bolts (16 mm) and the diameter of bolt holes
(17 mm). However, the new position of the shear connector allows for larger
end concrete bearing area to resist the applied load. Therefore, the applied load
continued increasing until the ultimate failure load where the end concrete
bearing area was crushed. For “SC2” shear connector, at the ultimate load the
crushing of concrete was associated with excessive splitting of concrete slab.
The splitting of “SC2” concrete slab is due to the quite large weak contact area
between the concrete slab and the top face of the flange part of “SC2” shear
connector. After failure, it was observed that the degradation of the load had
occurred gently and smoothly for all specimens.
The normalized ultimate strength capacity of “SC2” is 48.17 KN which is higher
than 35.24 KN for “SC1” shear connector. This is expected since the end
bearing area of “SC2” shear connector is larger than “SC1” shear connector.
However, due to the overlapping of stresses around “SC2” shear connector
(which is consists of two “L” bracket), the concrete was crushed prematurely.
According to the EN1994-1-1, “SC1” and “SC2” shear connectors could be
successfully classified as ductile shear connectors with characteristic slip
capacity δuk of at least 14.79 mm and 15.50 mm respectively.
The experimental results of “SC1” shear connector showed a very good
agreement with the predicted values. Bearing in mind that the incorporation of
metal deck leads to reduction in the predicted values, the experimental results
could be more conservative and the proposed equation could be used safely to
predict the strength capacity of “SC1” shear connector. For “SC2” shear
connector, it is observed that the experimental results are less than the predicted
values. However, the “SC2” shear connector consists of two “SC1” shear
connector oriented back to back before fasten them to the steel beam web. Thus,
by implementation a reduction factor to the predicted values of “SC2” equal to
that reduction factor recommended by EN1994-1-1 for using two stud per
trough, the ratio of experimental to the predicted results will be 1.02 and 0.93
respectively. However, extra reduction in the predicted values of “SC2”
accounting the effects of incorporation of metal deck could improve the
agreement between the experimental and predicted values.
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Figure 6: Typical cracks pattern for SC1 and SC2 specimens.
5.

Conclusion

Push test was conducted to investigate the strength capacity and ductility of
innovative new shear connector suitable for composite beam with cold formed
steel section. The shear connectors are easy to form and give advantages to
speed up the fabrication process of the proposed composite beam. Two different
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configurations were tested. The experiments showed very promising results. The
new shear connectors showed a very ductile behavior with considerable strength
capacity. Good agreement between predicted values based on Oguejiofor and
Hosain’s equation for perfobond rib shear connector and experimental results
was obtained. For “SC1” shear connector, conservative experimental results
were obtained. For “SC2” shear connector, the ratio of experimental to predicted
values is not conservative. Such shear connectors might lead to plastic design
for composite beam. However, future push test investigations on specimens with
solid slabs as well as specimens with varied metal decks are recommended to
validate and establish the proposed equation.
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